Abstract Understanding challenges in familial communication of cancer risk has informed genetic service delivery. Parent-child interactions have received considerable attention, but few studies focus on young adulthood experiences within BRCA1/2 families. Young adults are approaching, or at a life stage where awareness of hereditary cancer risk is vital for informed choice of risk management options. This review assesses family communication, risk perception and cancer knowledge held by 18-40 year old individuals who have a parent with a BRCA1/2 gene mutation or carry the gene mutation themselves. Thirteen papers met the inclusion criteria. One utilized a 'mixed methods' methodology and the remaining used a qualitative approach. Findings were synthesized into themes and reported narratively. In general, parents are communicating openly about genetic risk with young adult offspring, but there is evidence that some young adults are withholding information from their parents about their own test results. Risk perception is influenced by a family history of cancer, childbearing plans and health providers' advice. Misconceptions about genetic risk appear to be common and gaps in hereditary cancer knowledge are evident. It is unclear whether incorrect knowledge was passed from parents to offspring. Health providers need to provide developmentally appropriate services for emerging adults (18-25 years old), with particular support in navigating through risk management options.
Introduction
Having a BRCA1 or BRCA2 (hereafter called BRCA1/2) gene mutation predisposes women to an estimated breast cancer risk of 44-78% by age 70 depending on the specific mutation and family history (Oosterwijk et al. 2014) . It also increases the risk of female ovarian cancer, male breast cancer and prostate cancer (Oosterwijk et al. 2014) . BRCA1/2 mutations are autosomal dominant; offspring have a 50% chance of inheriting the mutation (Petrucelli et al. 2010) . Depending on the guidelines used, women with a positive BRCA1/2 gene test result are advised to start surveillance (breast MRIs or mammograms) at the age of 30 (sometimes earlier), and to consider risk-reducing mastectomy from age 25 and risk-reducing salpingooophorectomy between ages 35 to 40 (Cancer Institute NSW 2015; Daly et al. 2016) . Thus, early communication about BRCA1/2 mutations across generations is important.
Health providers often rely on patients to inform at-risk relatives of their potential risk because of privacy issues or other local laws (Chivers Seymour et al. 2010) . Parents often find themselves simultaneously discovering their personal cancer risk, due to the presence of a hereditary cancerpredisposing mutation, while also considering if and when they should convey genetic information to their offspring, especially daughters (Tercyak et al. 2013) . The extent to which parents carry out this responsibility to communicate with their children and other relatives, and the barriers and facilitators to disclosure are, therefore, critical. When it comes to focusing on parent-child communication, the literature has focused largely on children below 18 years old (Metcalfe et al. 2008; Tercyak et al. 2013) , despite the fact that preventative options such as prophylactic surgery are not recommended until well after the child becomes eligible for genetic testing (18 years old in the United States and Australia; Bird 2011; Daly et al. 2017) or when screening /interventions commences at the age of 25-30 (Sie et al. 2013) .
For the purposes of this review, individuals between the ages of 18-40 are referred to generally as young adults, with the particular sub-group, of individuals 18-25 referred to as emerging adults (Arnett 2000) . The transition into adulthood is often marked by the exploration of careers, dating, marriage, and having children (Godino et al. 2016) . Individualism is a hallmark of adulthood in Western societies (Nelson and Luster 2015) . Young adult offspring are perceived to have individuated from their family when they attain financial self-sufficiency, pursue or achieve educational aspirations, and make autonomous decisions about their health (Nelson and Luster 2015) .
In comparison to the mid-1980s, societal and economic changes have seemingly prolonged the transition of adolescence into adulthood (Arnett 2010) . In post-industrialized societies, emerging adults are more likely to prioritize pursuing their careers over starting a family (Arnett 2006) . Nearly half (49%) of 21-29-year olds in the United States rely on parents for financial support (Arnett and Schwab 2015) , and up to 60% of emerging adults in Australia, Canada and the United States are still co-residing with parents (Australian Bureau of Statistics 2013; Statistics Canada 2015; U.S. Census Bureau 2016) . Emerging adults' pursuit of knowledge about their hereditary cancer risk may encourage more reliance on parents and/or more potential intrusion of parents into the lives of their young adult offspring. This can be difficult for emerging adults seeking greater autonomy from parents during this developmental stage (Sie et al. 2013) .
Given that high-risk young adults are at a stage in life where genetic testing, screening and/or preventative measures are recommended for active uptake or consideration, having adequate awareness about hereditary cancer risk is important to their ability to make informed decisions. Reviews on risk perception of individuals after genetic testing have included individuals with positive and negative mutation test results (Butow et al. 2003) , leaving it less clear about the perceived risk held specifically by those with a positive BRCA1/2 test result and their families. Other reviews have focused on a more general approach to family communication by reviewing studies on a variety of hereditary illness predispositions (e.g., Huntington's disease, cystic fibrosis, hereditary non-polyposis colorectal cancer; Chivers Seymour et al. 2010; Gaff et al. 2008; Godino et al. 2016; Metcalfe et al. 2008; Wiseman et al. 2010 ), making it difficult to focus on specific concerns of each illness type. Some of the authors have acknowledged unique family communication experiences associated with having a BRCA1/2 mutation (Chivers Seymour et al. 2010; Wiseman et al. 2010) , with one review calling for the narrowing of studies to consider specific age-related or life-stage differences instead of including individuals with a BRCA1/2 mutation of widely divergent ages (Crotser and Boehmke 2009) .
Genetic counselors are in an ideal position to provide accurate and timely genetic information for young adults presenting to genetic clinics. If genetic counselors are to provide effective services for the high-risk young adult population, a richer understanding of how risk is communicated within the family and of how decisions are made about risk management is required (Werner-Lin et al. 2015) . The aim of this systematic review was, therefore, to assess the family communication, cancer knowledge and risk perception of young adults who have a parent with a BRCA1/2 mutation or who carry the mutation themselves. Through a synthesis of 13 papers, this review addressed three broad questions concerning these high-risk young adults: 
Methods

Search Strategy
The following databases were searched: MEDLINE, PsycINFO, EMBASE, and CINAHL, from 1990 until October 2016 using appropriate search terms (MEDLINE search terms provided in Table 1 ). Search results were screened using the inclusion criteria developed by three authors (A.L.Y., P.N.B., C.E.W.), and additional papers were included from reference checks of included papers. Reporting of findings utilized the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Guidelines (PRISMA; Liberati et al. 2009) (Fig. 1 ).
Inclusion and Exclusion Criteria
Studies were eligible for inclusion if they: (1) were published in peer-reviewed journals in English; (2) included young adults between 18 and 40 years old at the time of recruitment or disclosure of personal genetic testing results; (3) included young adults between 18 and 40 years old who had a parent with a BRCA1/2 positive test result or had received a positive test result themselves; (4) assessed family communication between parents and young adults, young adults' cognitive understanding of cancer, or young adults' cancer risk perception. Studies were excluded if they: (1) included less than five young adults in the sample; (2) included offspring <18 or >40 years old; (2) included fewer than five individuals with a positive BRCA1/2 mutation test result; (3) included subjects from families with hereditary risk for other illnesses (e.g. Huntington disease); (4) focused on communication related to extended family members or with clinicians; and (5) had as a primary aim of the study, to assess prevalence or uptake of genetic testing, mental health, fertility, health service evaluation, validation of measures, legal or ethical issues.
Data Extraction and Analysis
Data extraction was based on the thematic approach described by Thomas and Harden (2008) . One author (A.L.Y.) coded the results sections of all the papers line-by-line to identify major patterns of findings. Similar findings were grouped and a descriptive list of themes was made. Another author (J.V.) subsequently re-examined 60% of the papers and extracted her own list of themes independently. Data extracted from the two independent coders (A.L.Y., J.V.) were developed into a final set of analytical categories, which addressed the research questions. The reliability of judgments in data synthesis was ensured through an iterative process (A.L.Y., J.V., V.F.Q., P.N.B., and C.E.W.). The themes were synthesized using a narrative framework, with relevant papers cited within each theme.
Quality Assessment
The QualSyst Assessment Tool (Kmet et al. 2004 ) applicable for both qualitative and quantitative studies, was utilized. All papers were qualitative with only one paper also using quantitative measures (Patenaude et al. 2013) . Two authors (A.L.Y. and J.V.) came to an agreement on the specifics of each criterion using three papers. Both authors independently assessed the remaining studies and then agreed together upon a final score for each study (Cohen's Kappa = 0.67). Quality rankings of each study are provided in Table 2 and were defined as: limited (<50%), adequate (50-70%), good (71-80%), or strong (score of >80%) (Laidsaar-Powell et al. 2013) . 34. 4 and 10 and (20 or 24) and 27 35. limit 34 to (english language and humans and yr. = B1990 -Current^) 36. 4 and 10 and (20 or 24) and 33 37. limit 36 to (english language and humans and yr. = B1990 -Current^)
Results
A total of 1288 papers were initially identified. After duplicates and ineligible papers were removed, two reviewers (A.L.Y. and P.N.B.) screened full-text articles, and disagreements were discussed, including a third reviewer (C.E.W.). Of these, 13 papers met the inclusion criteria and are summarized in Table 2 . Multiple papers used the same sample; as such the 13 included papers refer to seven separate samples (a total of 228 participants). Demographic data were crosschecked across papers that utilized the same sample. Data analysis from papers with the same sample involved amalgamating repeated information and extracting novel themes, which were not evident in previous papers.
The QualSyst (Kmet et al. 2004 ) did not impose a cut-off score, however a minimum inclusion score of 60% has been considered reasonable in a previous mixed-methods review (Godino et al. 2016) . Among the papers we reviewed, the mean QualSyst (Kmet et al. 2004 ) score was 87%, with nine papers scoring above 80%, therefore the results were not sorted by quality. The assessment criteria not met by papers below a score of 80% were due to the partial reporting or absence of: a study objective (Hamilton et al. 2009 ), sampling strategy (Hamilton 2012; Hamilton and Hurley 2010; Hamilton et al. 2009 ), data collection procedures (Hamilton 2012) , data analysis procedures (Hamilton 2012) , verification procedures to establish credibility (Hamilton 2012; Hamilton and Hurley 2010; Hoskins et al. 2014) , and reflection of how personal biases (e.g., professional status) and methodology impacted data (Hamilton and Hurley 2010; Hamilton et al. 2009; Hoskins et al. 2014) .
The majority of participants in the captured studies were female (96%), with an approximate mean age of 27 years old.
Participants had either a positive (75%) or negative BRCA1/2 mutation test result (5%), or had not been tested (20%). Participants' relationship statuses were either, engaged/ married (44%), single/in a non-committed relationship (40%), in a committed/long-term relationship (9%) or dating (7%). Thirty-five percent of participants had children. Of the 148 participants (65%) who had no children, 34% desired at least one child, 8% were undecided or did not want children, and 58% did not provide a childbearing preference. Two participants were pregnant at the time of the interviews.
Four major categories relevant to the research questions were identified: (1) family communication between parents and young adults, (2) hereditary cancer risk perception influenced by family history and considerations for the future, (3) incomplete hereditary cancer knowledge held by young adults, and (4) age-related concerns.
Family Communication: Ban Exchange of AwarenessT hree studies (Bradbury et al. 2009; Patenaude et al. 2013; Werner-Lin et al. 2012 ) explicitly described family risk communication between parents with a positive BRCA1/2 mutation test result and their young adult offspring.
Other papers described the concerns surrounding disclosure of offspring's test results to their parents or parents-inlaw (Hamilton 2012; Werner-Lin 2008b) and partners or potential partners (Hamilton 2012; WernerLin 2008a; Werner-Lin 2007) .
The Process
Four of the seven separate samples (representing 116 participants) reported young adults' knowledge of cancer history in 18 (9-24) • All offspring received their parent's test result from the parent tested, and some had the other parent present (8/22).
• Evidence of gender differences: mother's disclosed to daughters (7/12) alone more than sons (4/10).
• Main positive aspect of learning about test result was increase awareness and main negative aspect was fear and worry of a potential cancer diagnosis. • Overall, young adults seemed satisfied with testing before 30 and felt obligated to their children to pursue genetic testing.
• Advantages of having BRCA1/2 testing before 30 were that it decreased uncertainties, increased knowledge, and increased incentives for healthier lifestyle choices.
• Disadvantages were feeling pressure to make decisions early, continual uncertainty and lack of screening recommendations available. 
Unreported
• Younger adults seemed to be more determined to control their risk, while late 20-30 year olds were more like to express the inevitability of a cancer diagnosis.
• Young adults who had lost their mother in childhood or adolescence perceived genetic testing as a way to take control of their own health.
• Young adults who initially received information from a health provider had a positive approach towards knowing their risk, viewing the knowledge as empowering and useful.
80%
Hamilton 
Unreported
• Most young adults were dating casually (8/11) and some were in a long-term dating relationship (3/11).
• Young adults expressed difficulty communicating to a current or future dating partner about their genetic risk, including the choices they had made, either to have a prophylactic mastectomy or their decision to start childbearing early. (Kmet et al. 2004) • Young adults described a loss of fertility and normalcy in relationships after surgery and a sense of urgency to family plan.
Hamilton ( 
• Young adults found it difficult to explain to family members, spouses/partners and in-laws about their cancer risk perception.
• Young adults with children wanted to Bstay alive^, consequently having prophylactic surgery earlier than later.
• Young adults were concerned about passing the gene to their offspring, with some considering not to have children. 
(18-35)
• Young adults pursued early risk management (e.g., surgery), because they imagined the worst-case scenario, despite understanding that as a 20-30 year old, absolute risk of cancer is low.
• Retention of genetic information occurred if it was relatable and simplified.
• Genetic information was accessed through friends, Internet and other media sources. • Young adults endorsed expert guidance as a way to minimize poor health literacy.
• Emerging adults were frustrated with the lack of clear risk management guidelines.
• Young adult women expressed a need for accurate information about birth control options. 18* (12-24)
• Disclosure of maternal test results to offspring typically occurred in a casual and private conversation within hours or days of when test results were received by the mother.
• The information provided by mothers varied and had different effects (e.g. empowering, directive, reassuring, fear-inducing).
• Misconceptions were common and health literacy was suboptimal. 
Incalculable
• All young adults provided an age range for when they believed they would develop cancer, which was based primarily on the age at which their relative was diagnosed, instead of medical information. (Kmet et al. 2004) The Listening Guide Tool to create themes using narrative inquiry
90%
• All young adults believed that a cancer diagnosis was certain if screening or surgery was not undertaken after testing.
• A family history of cancer, and for some, a shared personality or physical characteristics between themselves and relatives increased or deceased their perceived cancer risk.
Werner 
Incalculable
• Certain events influence risk perception: a perceived critical age of greatest risk, parent's diagnosis or death from cancer, and having children before a certain age.
• Having biological children was prioritized over having surgery.
• After receiving test results, many single, older women were compelled to find a life partner.
• Partnered young adults were primarily concerns about reducing their cancer risk with prophylactic mastectomy and oophorectomy so that they could be present for their children. • Young adults accessed the Internet and medical journals supplementarily to what their health provider had told them.
• Young adults with clear genetic information from health providers were reportedly better than those without such information, since they had knowledge of their risk, surveillance options and clinical trials. However, independent learning was required to remain up-to-date about advances in screening.
90%
Werner • Salience of breast or ovarian cancer depended on their family member's experience with either cancer type.
• Preserving fertility was a priority for women. (Kmet et al. 2004) • Women who pursued surgery after having children felt less regret.
100%
• Mother's viewed genetic testing positively, specifically as an opportunity to bring hope and a change to their family story.
Werner • Some offspring had conjoint genetic testing with their parents and refrained from asking questions to minimize the perceived emotional burden on parents.
• Cancer risk statistics for both themselves and their siblings were misunderstood.
• Emerging adults had difficulty pursuing risk management options since they were below the age recommended for screening, surgery or clinical trials.
• Emerging adults felt pressure to pursue surgery early from their health providers and because of external factors (e.g. parent's insurance policies, leave form work) 90% *Calculated approximate mean (Hozo et al. 2005 ).
the family. Of these participants, the majority either grew up aware of their familial cancer risk, experienced cancer in the family, or learned about their genetic risk from a family member not long after the test result was disclosed to a relative (94%, representing 109 participants). The remaining participants experienced a delay in disclosure until family or health providers perceived they had reached sufficient maturity (6%, representing 6 participants), with data missing for one participant.
Parental disclosure of genetic test results to their child usually occurred immediately after the parent's genetic result was disclosed. Parent-child discussions typically occurred in a casual, open forum, usually with the tested parent alone (Bradbury et al. 2009; Patenaude et al. 2013) . Disclosure of information with the other parent present was reported to be less common (Bradbury et al. 2009 ) or rare (Patenaude et al. 2013) . In some cases, siblings were also present (Patenaude et al. 2013) . For a few participants, fathers disclosed maternal test results, since the mother was ill, having been concurrently tested and diagnosed initially with cancer, or with a cancer reoccurrence (Patenaude et al. 2013) . Only one study included sons in their sample; in that study, one-on-one maternal disclosure was more likely to occur with daughters than with sons (Bradbury et al. 2009 ), and daughters more often than sons, recalled content about genetic testing and risk-reduction measures. Sons were more likely than daughters to report other family members' increased risk of cancer (Bradbury et al. 2009 ).
Young adults reportedly discussed a range of related topics with their parents, which included: the parent's genetic testing results, the increased risk for the parent, themselves and relatives, and genetic testing options (Bradbury et al. 2009; Patenaude et al. 2013) . As highlighted by a 26-year-old male after disclosure of his parent's test result, BIt was surprising, but helped explain all the breast cancer in the family. I wasn't worried about myself, because I am male, but thought it was useful if I have daughters^ (Bradbury et al. 2009, p. 204) .
When it came to young adults disclosing their own test results to family members, difficulties were noted. In some cases, young adults avoided cancer risk communication with parents since they perceived parents to harbor guilt for passing the gene to them (Werner-Lin 2008b; Werner-Lin et al. 2012) . Fearing that family members would be emotionally burdened by a positive test result, some offspring postponed sharing their results until they felt the timing was right (Hamilton 2012; Werner-Lin 2008b) . For some, this was considered in the context of a cancer-related death in the family, or when the young adult had the role of supporting others (Werner-Lin 2008b) . Several studies also reported that women who carried mutations felt Bimperfect^or Blike damaged goods^, leading to a fear of communicating test results to potential romantic partners (Hamilton 2012; Hamilton and Hurley 2010; Werner-Lin 2008a; Werner-Lin 2007) or, for married women, to their in-laws (Hamilton 2012 ).
The Reaction
Young adults' initial reaction to parental disclosure of genetic risk was one of shock and fear for their parent's health (Patenaude et al. 2013) , for themselves (Bradbury et al. 2009; Patenaude et al. 2013) , and for future generations (Bradbury et al. 2009; Patenaude et al. 2013) . Over time, young adults described acceptance of their genetic risk (Bradbury et al. 2009 ), which was attained by pursuing more genetic information (Bradbury et al. 2009; Patenaude et al. 2013 ) and engaging in general health behaviors (e.g., smoking cessation, exercise and healthy eating; Bradbury et al. 2009 ). Others were relatively unconcerned at the time of disclosure, but became more distressed as they approached the age at which they believed cancer risk was heightened (Patenaude et al. 2013) .
Two studies explicitly explored young adults' perceived positive and negative aspects of knowing about familial genetic risk before the ages of 25 (Bradbury et al. 2009 ) and 30 (Brunstrom et al. 2016) . The main advantages reported were greater awareness and empowerment from knowing. The main disadvantages reported were increased fear of cancer and continuing uncertainty about cancer risk. Interestingly, the majority of the participants reported no personal negative aspect of knowing their cancer risk (Bradbury et al. 2009 ) or regrets for testing earlier than when screening is recommended to be initiated (Brunstrom et al. 2016 ).
The Preferred Process
No study explicitly explored young adults' preferences regarding the process of family risk communication. Nevertheless, some implicit suggestions can be drawn from the findings. In one study, young adults supported the receipt of written material from their parents during disclosure of test results, and those who did not receive such materials endorsed it as a potentially valuable resource (Bradbury et al. 2009 ). Young adults also reported that meeting with a genetic counselor or expert would have been beneficial at the time of the parent's disclosure of their test results in order to learn more generally about genetics or to ask personal questions (Bradbury et al. 2009 ).
Some young adults reported having genetic testing for the sake of their parents, usually to ease their parents' worries (Werner-Lin et al. 2012) . In some cases, 18-24 year old individuals expressed disappointment that genetic counselors had disclosed their own test results to their parents before telling them, compromising the young adult's privacy (Werner-Lin et al. 2012) . Despite most guidelines discouraging this, some mothers postponed disclosure, as one young female said, BI had been diagnosed positive and my mom was waiting for the right moment to tell me^ (Werner-Lin et al. 2012, p. 645) Risk Perception: 'a Myriad of Fears' All the studies in this review made reference to strong feelings related to risk perception. A number of factors influenced the way young adults constructed their perceived cancer risk.
The Inevitability
Before genetic testing, many young adults said they had believed that a positive BRCA1/2 test result or cancer diagnosis was inevitable (Brunstrom et al. 2016; Hamilton 2012; Werner-Lin 2008a; Werner-Lin 2007) . For example, immediately after learning about her mother's positive test results, a daughter (18-24 years old; exact age not reported) wanted to determine her mutation status and said, I think I want to get tested as soon as possible, even though my mom thinks I don't really need to ... because I am already assuming I have it. So nothing will change if I do have it, but a lot could change if I don't. (Patenaude et al. 2013 (Patenaude et al. , p. 2029 A positive gene test result seemed to strengthen the belief that a cancer diagnosis was inevitable (Hamilton 2012) . For example, a 24-year-old woman (BRCA1/2 positive) who chose risk-reducing bilateral mastectomy and reconstruction said, BI would think about the possibility of me being diagnosed as if it was going to happen that day or the next or in the next week^ (Hamilton et al. 2009, p. 153) 
Family History
More than half of the studies made reference to the link between young adults' perceived risk and their family history (Bradbury et al. 2009; Hamilton et al. 2009; Werner-Lin 2008a Werner-Lin 2007) . Some young adults expected their lives would follow the same medical trajectory as that of other family members (Hamilton et al. 2009; Werner-Lin 2007) . The degree to which young adults related their personal story to the experiences of family members appeared dependent upon age, type of cancer, stage of cancer diagnosis, and similarities in physical appearance Werner-Lin 2007) .
Growing up experiencing a family member's diagnosis of, or death from cancer, left some young adults with the expectation that they too, could follow the same path as their relatives (Werner-Lin 2010; Werner-Lin 2007). However, this knowledge also led some young adults to feel empowered to choose a different life path from that of their family members (Brunstrom et al. 2016; Hamilton et al. 2009; Werner-Lin 2010) . Young adults often became proactive in their pursuit of genetic testing and risk-reducing surgical procedures (Hamilton et al. 2009; Werner-Lin 2007) . This desire to act seemed to become particularly salient for young adults approaching the age at which their family members were diagnosed with or died from cancer Werner-Lin 2007) . Some women pursued riskreducing surgery as a means to remain healthy and alive at the age at which their mother had died (Bradbury et al. 2009; Hamilton et al. 2009; Werner-Lin 2010) .
Knowing about their family history of cancer did not always provide young adults with a 'road map' for making decisions. This was the case, for example, for young women whose unaffected father had passed on the mutation . These women conceptualized their risk based predominantly on the information genetic counselors provided them, without the 'first-hand experience' and guidance from a female relative who either had cancer, or who had been found to be a BRCA1/2 carrier . In one particular case, a single young woman felt she did not relate to her older sisters who also had a positive BRCA1/2 test result, since they were married with children and, therefore, sought guidance from a genetic counselor instead of using her family's experiences to inform her choices (Werner-Lin 2007).
Childbearing
Women without children were often concerned about future childbearing (Brunstrom et al. 2016; Patenaude et al. 2013 ). Decision-making conflict surrounding the timing of prophylactic surgery and childbearing was commonly expressed by women across the young adult age range, and was a particularly distressing topic for young adult women who felt they were too young to be considering such decisions (Brunstrom et al. 2016) . For women who were in partnered relationships, an awareness of one's own cancer risk increased the complexity of: discussing life insurance with a partner and making decisions about the timing of pregnancy/breastfeeding (which makes breast screening mostly ineffective) . Having young children who might also have heightened risk of cancer raised challenging issues for partners discussing surveillance and maternal life expectancy (Hamilton 2012; Werner-Lin 2010) . Young adults with their own children described guilt for potentially passing on the mutation, yet there were no reported regrets about the decision to have children Werner-Lin 2010) .
Risk perception for women with children appeared strongly linked to their parenting role. Several studies stated that young women's greatest concern was the possibility of leaving children motherless, especially if the woman had grown up without her own parent (Brunstrom et al. 2016; Hamilton 2012; Werner-Lin 2008a .
The desire to limit the impact of cancer on the family influenced the type and timing of surgical operations chosen by women. Largely out of concern for their current or future children some individuals considered and underwent riskreducing bilateral mastectomies (Hamilton and Hurley 2010; Werner-Lin 2008a ). Yet, some of these women reported that surgery was followed by a sense of current and future loss, specifically the loss of normalcy in intimate relationships (Hamilton and Hurley 2010) and/or the loss of the ability to breastfeed ). On the other hand, women who had at least one biological child appeared to have fewer regrets or hesitancy about their decision for surgery, since the desire to remain alive for their current child was expressed as greater importance than their own personal cancer risk Werner-Lin 2010) .
Hereditary Cancer Knowledge: 'an Incomplete Understanding'
Young adults obtained knowledge about hereditary cancer from a range of sources, mainly from the family, genetic counselors and oncologists (Brunstrom et al. 2016; Werner-Lin 2008b) . Additional information was sought from the Internet, journal articles, consumer advocacy groups, and books (Bradbury et al. 2009; Hoskins et al. 2014; Werner-Lin et al. 2012) .
Young adults' hereditary cancer knowledge varied. Young adults appeared to understand that carrying a mutation increases cancer risk (Bradbury et al. 2009; Patenaude et al. 2013) , and some understood that breast screening should start 10 years prior to the age of the first related cancer diagnosis in a biological relative (Werner-Lin 2007) . In one study, approximately half of emerging adults correctly answered a standardized measure of breast cancer knowledge (Patenaude et al. 2013) . From the studies reviewed, however, risk estimates were commonly misinterpreted, particularly in relation to the likelihood of siblings carrying the familial BRCA1/2 mutation (Hoskins et al. 2014; Patenaude et al. 2013; Werner-Lin et al. 2012) . For example, some believed that since they had tested positive for the BRCA1/2 mutation, their sister was less likely to have the mutation (Hoskins et al. 2014; Werner-Lin et al. 2012) . One possible reason for this misinterpretation is that young adults do not have access to all the information required to understand their relative risk. For example, in one study, less than one third of the young women (28%) correctly identified the risk of breast cancer in the general population, a figure required to understand their relative risk (Patenaude et al. 2013) . Even more importantly, in that same study, more than a third of the young women did not think that breast cancer occurred earlier in BRCA1/2 mutation carriers than in women in the general population (Patenaude et al. 2013 ). Such information is critical for understanding why breast cancer screening for BRCA1/2 mutation carriers is recommended decades before it is recommended for women in the general population. Younger women, in particular, said they needed expert information about the use of oral contraceptives because increased exogenous hormones are associated with an increase in breast cancer risk (Hoskins et al. 2014; Patenaude et al. 2013) There is conflicting evidence about whether there is an increased breast cancer risk (Hunter et al., 2010) or not and there certainly is a reduction in ovarian cancer risk (Antoniou et al. 2009; Iodice et al. 2010; Moorman et al. 2013 ).
The Health Providers: 'Esteemed but Not Always Perfect Communicators'
Apart from the family, health care providers were an important source of information for young adults (Brunstrom et al. 2016; Hoskins et al. 2014; Werner-Lin 2008b) , but were also sometimes reported as sources of misinformation. Young adults acknowledged the need for expert guidance (Brunstrom et al. 2016; Hoskins et al. 2014; Patenaude et al. 2013; Werner-Lin 2008b) and valued the opinions of health providers (Hamilton et al. 2009; ). However, health providers' own misconceptions or information gaps, specifically about lack of information about possible BRCA1/2 inheritance through a male parent, influenced their ability to convey accurate information (Hoskins et al. 2014; Werner-Lin et al. 2012 ). Adding to the complexity, patients reported that health providers often provided information about hereditary cancer during consultations in a manner heavily laden with medical jargon and statistics, which patients found difficult to understand Patenaude et al. 2013) . Young adults felt that simplified explanations of cancer risk assisted in the retention of information during consultations Hoskins et al. 2014; Werner-Lin 2008b) . In one study, risk statistics were effectively communicated by viewing cancer risk as analogous to gambling, with '80% odds in Vegas', or having received written estimates of personal risks for breast/ovarian cancer .
Health care providers who respected the fears and wishes of the young adult, especially concerning the timing of surgery and childbearing, were well regarded (Hoskins et al. 2014 ). Yet, several young adults noted that they were advised to consider having children earlier than anticipated in order to complete surgery sooner (Hamilton and Hurley 2010; Hoskins et al. 2014; Werner-Lin et al. 2012) . Some were grateful for the recommendation, while others felt pressurized to 'fast-track' their life goals, especially when they perceived a cancer diagnosis as imminent (Hoskins et al. 2014; Werner-Lin et al. 2012) .
In some cases, it was not so much what the health care provider said but rather what the women experienced at appointments that seemed to have more weight. For example, some women with a positive test result viewed shorter waiting times for medical appointments as an endorsement that their cancer risk was high . Moreover, despite reassurance from doctors, routine screening and subsequent biopsies were repeated reminders of the women's high cancer risk (Werner-Lin et al. 2012 ).
Age-Related Experiences: 'Emerging Adults'
There appeared to be an important distinction between the emerging and older adults in the captured studies, with older adult's expressing greater autonomy in relation to their parents. Emerging adults (18-25 years old) with a positive gene test result appeared more reliant on their parents for guidance, emotional, insurance, and financial support (Werner-Lin et al. 2012) . Some emerging adults reported feeling pressured to pursue genetic testing and surgery for the sake of their parents (Werner-Lin et al. 2012) . They spoke about issues concerning their parents, siblings and future partners, Werner-Lin 2008a) whereas, older women with a positive result tended to speak about a social context involving their current partner and their concerns for their current children (Werner-Lin et al. 2012) .
Studies that focused on emerging adults between 18 and 25 years old made reference to the issues faced particularly by young women in this age range. Several individuals had undergone genetic testing before the age of 25 and received positive BRCA1/2 mutation test results Werner-Lin et al. 2012 ). Some expressed frustration that when they wanted to proactively mitigate their risk by pursuing risk management options (e.g. screening) or surgical prophylaxis (Werner-Lin et al. 2012) but were considered too young. (Werner-Lin et al. 2012 ). For others, dissatisfaction resulted from needing to attend repeated screening and medical appointments and wanted to become more proactive about avoiding cancer through risk-reducing mastectomies (Hamilton et al. 2009; Werner-Lin et al. 2012) . For some emerging adults who expressed a desire for a mammogram, MRI or surgery, health providers reportedly dismissed their wishes as premature request (Hoskins et al. 2014; Werner-Lin et al. 2012) . For example, a 25-year-old woman described her thoughts after she sought a riskreducing mastectomy, People are, like, well, you can wait a few years, why don't you wait and see, and wait until you have kids and you can breast feed your kids…it's a great idea, but also, you know, I didn't feel like I had enough time to play with. (Werner-Lin et al. 2012, p. 646) 
Discussion
This systematic review summarizes the literature on BRCA1/2 family risk communication and hereditary cancer knowledge in the young adult population. Similar to findings in previous reviews Wiseman et al. 2010) , parent-child communication seemed to occur readily and openly. Indeed, offspring develop their cancer risk perception from the information shared by their parents, other relatives and health providers. The findings from this review highlights further that psychosocial, non-medical, factors significantly contribute to young adults' perceptions of cancer risk, including, fears about not finding an understanding partner, timing of childbearing and fear of potentially imposing distress on their parents. Women were especially worried about leaving children motherless if they succumbed to BRCA-related cancers.
Given that young adults are drawing from a range of sources to cognitively understand their risk, including Internet and media sources, it is not surprising that their general knowledge of hereditary cancer and understanding of risk estimates are often inaccurate and incomplete. Some BRCA1/ 2 mutation carriers report finding it difficult to wait several years before initiating targeted screening, which is a problem not faced by older mutation carriers who are of an age where they can initiate screening immediately upon identification as a mutation carrier. This next generation of individuals with a BRCA1/2 mutation is growing up in an era with a broad media coverage on breast cancer, rapid developments in human genetics and genomics and a range of opportunities to mitigate their cancer risk through various screening and surgical riskreduction options.
None of the studies included in this review explicitly investigated young adults' preferred communication process with their parents. However, providing written materials and encouraging young adult children to seek professional guidance about managing cancer risk are beneficial first steps parents can suggest during disclosure of test results. Looking more broadly at the literature, including non-malignant, chronic and genetic health conditions (Metcalfe et al. 2008; Patenaude and Schneider 2016; Shkedi-Rafid et al. 2015) , the opportunity for early information provision is generally assumed to lead to better-informed young adults, more capable of making more accurate comparisons of benefit and risk. It would be beneficial to explore ways to improve provision of age-appropriate cancer risk information to high-risk, young adult women, and to consider what personality or lifehistory differences distinguish between those who do and do not express a preference for more genetic information at a younger age.
Studies in this review either employed a grounded theory or thematic synthesis approach to qualitative research findings. Five theoretical frameworks (i.e., The Theory of Genetic Vulnerability, Family Systems Theory, Selfregulation Theory of Health Behavior, Ecological Theory, and a Life Cycles Perspective) were referenced (Bradbury et al. 2009; Werner-Lin et al. 2012; Werner-Lin 2007) but only one study explicitly stated the use of a theory to guide the interpretation of findings (Bradbury et al. 2009) . A robust theoretical framework in this area is yet to be established. Nevertheless, a number of theories have described different facets of a young adult's experience with genetic risk and are incorporated into the discussion of the current findings.
In terms of young adults' disclosure of their own test results to parents and other family members, only a few papers explicitly described such interactions (Hamilton 2012; WernerLin 2008b) . Communication was hampered by young adults' anticipation of perceived stigma and by a desire to protect parents from further guilt or distress. Young adults' disclosure to their parents can, it seems, involve similar barriers parents encounter in disclosing their test results to their children (e.g., guilt; Patenaude and Schneider 2016), but often with different reasons and expectations. For example, young adults may not experience the same degree of responsibility that their parents often feel about sharing positive test results, especially when their parent(s) have been tested since their parent's genetic status is already known. Parents feel guilty for biologically passing on the gene to their offspring, while the guilt young adult offspring express is one of remorse for reinforcing their parent's guilty feelings. From a Family System's Theory approach, the guilt felt by parents is a reflection of their assumed parental role and subsequent responsibility to disclose test results, reflecting the family's operational style and hierarchical structure (Broderick 1993) . The influence of the societal system reinforces expectations that parents take primary responsibility for the health of the family, an especially common perception among families with genetic health conditions (Wiseman et al. 2010) .
The health decisions of emerging adults (18-25 years old) who were single, childless and desiring to start a family, had added complexities. According to a family life cycle perspective, development follows a normative trajectory through stages, with single young adults typically choosing to differentiate themselves from their family by obtaining emotional or financial independence (Carter and McGoldrick 2005) . However, having a high risk of cancer meant many young women relied on their parents for emotional support, medical guidance, and, possible financial assistance. Some were still under their parent's health insurance at the time of contemplating risk-reduction surgery so decisions involved more discussion with parents than might have been the case for older, independently-insured women (Werner-Lin et al. 2012) .
The formation of a new system through marriage is another important life stage impacted by knowledge of carrying a BRCA1/2 mutation (Arnett 2006; Carter and McGoldrick 2005) . Women with a BRCA1/2 mutation (26-35 years old) who were in dating relationships and/or progressing towards marriage found themselves in a predicament about when to tell a potential partner about their test results, how to talk about having children, or their plans for risk-reduction surgery (Hoskins et al. 2008) . Many feared that disclosure about hereditary cancer would complicate their relationship, and that partners would not be able to accept their 'condensed life cycle', a term used by Werner-Lin (2008a) to describe young women's expressed pressure for earlier marriage and children due to hereditary cancer concerns.
Reported here and elsewhere (Manne et al. 2004; Mireskandari et al. 2006) , the vast majority of married women were willing to disclose BRCA1/2 test results to spouses. However, in reference to their spouses, a study indicated that women with a positive BRCA1/2 test result reported more burdened relationships and engagement in 'protective buffering' (i.e., withholding their feelings), six months post-disclosure, compared to women with negative or inconclusive BRCA1/2 test results (Manne et al. 2004) . Identification of barriers young adults encounter to accessing information or help, such as perceived stigma or the adoption of assumed family roles (e.g., being a 'comforter' in the family) could assist genetic counselors when conducting their consultations. Findings in this review suggest that the communication of test results from child to parent and to other family members is an important and challenging process; the dearth of literature on the topic suggests a need for more research in this area.
This systematic review initially focused on hereditary cancer knowledge, but risk perception was another major concern raised in the included studies. Research in the United States and Australia suggests that individuals in the general population equate the term 'genetics' with 'hereditary and/or inheritance' as opposed to 'molecular' genetics (Condit 2010; Molster et al. 2009 ), and the awareness of age-related cancer risk varies between countries (i.e., UK, Australia, Canada, Denmark, Norway, Sweden; Forbes et al. 2013) . People in the general population also seem to over-estimate the percentage of cancer diagnoses attributable to heritability (Condit 2010; Jones et al. 2007; Vries et al. 2005) . For example, a study of 320 individuals (i.e., U.S. college students and their mothers) found that participants overestimated the role of genetics in breast cancer after exposure to media reports in women's magazines and newspapers (Jones et al. 2007) .
From the studies reviewed, the risk perception of young adults from families with a BRCA1/2 mutation was variable and misconceptions and misunderstandings were common. Parents can also have problems with accurate recall of information after consultations (Jacobs et al. 2015) , which can influence the information provided to, and understood, by offspring. However, it is difficult to infer the source of misinformation from the studies in this review or whether risk perception remains inaccurate, despite the provision of accurate information (Vos et al. 2011a) . Some health providers also had misconceptions about hereditary cancer (Hoskins et al. 2014 ). According to research on the accuracy of the information relayed from health provider to patient, and from patient to relatives, much of the original message seems to get lost in the process (Jacobs et al. 2015; Vos et al. 2011b) .
Young adults received information about cancer from a range of sources, but being a recipient of information did not necessarily translate into understanding. Numerical risk estimates in the studies reviewed were reported to enhance young adults' understanding of genetic risk, but seemed to be less successful when general cancer knowledge was absent. Numerical risk estimates are considered reliable (Gurmankin et al. 2004) , and lead to greater retention of information when presented with 'gambling' odds ratios (e.g., 1 in 3; Hopwood et al. 2004 ). The use of probabilities, risk estimates that cover a short time period as opposed to cumulative risk, and the use of visual displays (e.g. line graph) are also considered effective strategies (Julian-Reynier et al. 2013) . Consistent with the research in this field (Julian-Reynier et al. 2013; Lipkus and Hollands 1999) , we suggest that health providers complement the use of numerical risk estimates, with both visual and written explanations.
This review reveals possible reasons for common misconceptions. First, knowing about other family members' cancer experiences provided a framework in which young adults made sense of their cancer risk. Indeed, those with a history of cancer in the family typically overestimated their risk, even after genetic counseling (Butow et al. 2003; Smerecnik et al. 2009 ). According to the Theory of Genetic Vulnerability (Hamilton and Bowers 2007) , two main factors influence an individual's sense of personal vulnerability, namely, the family's cancer history and the perceived similarity between the individual and a family member with cancer. Secondly, young adults, particularly emerging adults, have gaps in their basic understanding of the etiology of inherited illnesses and receive information from unmonitored sources (e.g., Internet) or sources not targeted to relevant patient populations (e.g., journal articles; Patenaude et al. 2013; Werner-Lin et al. 2012) . Taken together, even when receiving objective cancer risk information, young adults perceive their risk through a lens influenced by past experiences and knowledge gained from varying, not necessarily relevant, sources.
A unique experience of the emerging adult generation, which has not being the case for older generations, is the opportunity to know one's genetic risk status and yet have several years before any medical risk management options become advisable. Some emerging adults view this as providing a valuable period of time in which to carefully consider their options or to even put such decisions gratefully on hold until an appropriate age. For some the inability to immediately take steps to proactively mitigate their risk before ageappropriate screening at the age of 25 in the United States, or 30 in other places (e.g., Australia) resulted in frustrations of feeling 'paralyzed' Hoskins et al. 2014; Werner-Lin et al. 2012) . For the latter, this suggests that they do not understand that their risk of cancer between the ages of 18-25 is very small and no medical management is needed (Antoniou et al. 2003; Daly et al. 2017 ). In fact screening (i.e., MRIs) is fraught with high false positives and very few true positive results (Siu and U. S. Preventive Services Task Force 2016; Werner-Lin et al. 2012) .
These studies suggest the value of tailoring clinical care to fit the developmental needs of 18-25 year olds and the importance of providing services at different times throughout their lifetime since risk estimates change with increasing age (Werner-Lin et al. 2015) . With emerging data on genomic risk assessment, future recommendations for risk management are likely to be altered. Key messages that have been endorsed by emerging adults as pertinent topics during genetic counselor consultations include, information about inheritance, stressing the importance of breast screening at whatever age is recommended in their health jurisdiction, and providing information about their low current risk of cancer and related issues they can attend to, such as obtaining life insurance (Jacobs et al. 2017 ).
Limitations of Included Studies and Further Considerations
The narrow search criteria we imposed led to the inclusion of studies exclusively on the communication between young adults and parents. Consequently, papers looking at communication with the extended family might have relevant findings but were not included. Papers that included other illnesses were omitted for the same reason, including publications written in languages other than English. It is important to note that research in this field is limited in the capacity to fully portray the extent to which families communicate, first because communication is primarily studied in families who actually do so and secondly, because research recruitment involves participants who are open to sharing these processes.
No study investigated the experiences of all members of the family, with only two studies recruiting offspring directly through their parents (Bradbury et al. 2009; Patenaude et al. 2013) . The remaining studies examined the communication experience and cancer knowledge primarily from the perspective of high-risk young adults. Further research would benefit from a dyadic (mother-daughter) or a broader family sample, instead of the perspective of the young adult alone. For young adults sharing their own test results with family members, further exploration is required to determine if their dilemmas call for a different approach from that applied to disclosure by their parents. The use of standardized measures in assessing cancer knowledge and risk perception was also missing in the papers reviewed.
Theoretical frameworks for understanding and coping with genetic risk will enhance future research, particularly if they can help inform health providers about patient experience and advise them about communication with patients. For example, two nascent theories, the Theory of Genetic Vulnerability and the Life Course Perspective have been developed to provide descriptions of individuals' lived experiences using conceptual themes to describe critical life events (Hamilton and Bowers 2007; Hamilton et al. 2016a, b) . In turn, embedding these frameworks within the design of future research and applying their concepts may improve measurement of outcomes, such as 'adaptation levels' (Hamilton and Bowers 2007) . It will be important to test the utility and relevance of such concepts in guiding clinical practice.
Conclusion and Intervention Considerations
Communication within families with hereditary cancer with their young adult family members is reported to be common. The hereditary cancer knowledge held by young adults seems to be shaped by a range of factors, such as, family cancer history, the uncertainty of possible future cancer, and the lack of resources targeted for this age group. Young adults who have a parent with a BRCA1/2 mutation, or have a mutation themselves, are at a point in their lives when dealing with cancer risk takes on additional relevance, and is often experienced as a psychosocial burden. Emerging adults are a noteworthy population who require tailored support from health providers in order to meet their information needs in helpful, age-appropriate ways. The gaps in genetic knowledge held by young adults, and their difficulty in comprehending risk statistics suggest that health providers, particularly genetic counselors, can improve understanding by using visual aids (e.g. line graphs) to explain cancer risk and utilize multiple methods of dissemination (e.g., information days).
Similarly, current genetic counseling interventions for families with a BRCA1/2 mutation should be geared towards encouraging probands to disclose their test results to relatives. This has been incorporated into the provision of additional counseling support (Forrest et al. 2008 ) and/or dissemination tools (Healey et al. 2017) , and decision aids (Peshkin et al. 2010; Santerre-Theil et al. 2016) . However, more data is needed on the efficacy of these tools. Randomized control trials (RCTs) of interventions with a communication skills-building component for BRCA1/2 test result disclosure seem to show mixed findings (Bodurtha et al. 2014; Hodgson et al. 2016; Montgomery et al. 2013 ). The primary outcome measured for the RCTs include the number of probands sharing information to relatives and the number of at-risk relatives presenting to genetic clinics compared to a control condition. The use of such outcome data, although important for assessing the utilization of genetic clinics, is not a direct reflection of communication patterns, which is heavily influenced by family dynamics. Two interventions aimed at enhancing family communication and genetic knowledge with a multi-family support group approach both showed high patient satisfaction, improved family functioning and medical awareness when a geneticist was involved (Eisler et al. 2016; Mendes et al. 2010) . The findings from a review of 16 interventions using a range of modalities (e.g., mail-based or in-person genetic counseling, paper or computer-based decision aids) aimed at improving risk communication was found to generally show improvements in participants' understanding of risk perception, their genetic knowledge, and emotional wellbeing (Edwards et al. 2008 ).
If we are to improve our genetic services and the interventions we are developing, it is imperative that we understand how young adults develop their hereditary cancer knowledge and risk perception within their family context. Genetic counseling and educational interventions are enhanced when family communication addresses both female and male at-risk relatives (Dorval et al. 2014) . The impact of future interventions will be enhanced if the accuracy of the knowledge held by young adults are addressed by suggesting ways in which genetic risk statistics and hereditary cancer information can be most effectively communicated between family members. An understanding of young adults' preferences in obtaining genetic risk information would benefit both parents and health providers seeking to successfully impart accurate awareness of hereditary cancer risk to the next generation. Without such targeted interventions, young adults are ill equipped, in both knowledge and understanding, to make important decisions about reducing their hereditary cancer risk.
